D
espite the fact that older drivers are involved in fewer motor vehicle crashes than any other age group, they have more crashes per mile driven and are more likely to be fatally injured if involved in a crash than are younger drivers. 1 Concern for the safety of the older driver has led many investigators to search for better ways to identify risk factors for crash involvement. Clearly, driving is an intensely visual task. As most aspects of visual function decline past age 50 years, 2 it has long been thought that visual impairment should be a good indicator of crash risk. However, most studies have shown a weak association, at best, between visual impairment and driving, in the general driving population. These studies have been extensively reviewed by Owsley and McGwin 3 and Charman, 4 among others. Briefly, people with poor acuity are more likely to report difficulty driving or to restrict driving in demanding situations, 5 but static visual acuity is a poor predictor of crash involvement. 5, 6 The relationship is somewhat stronger for acuity measured dynamically [5] [6] [7] or at low luminance. 8 Simulated visual acuity impairment below 20/40 decreases driving performance, 9 but older people with acuities in the range of 20/40 to 20/50 are no more likely to be involved in a crash than are people with acuity better than 20/40. 10 Reduced contrast sensitivity is associated with poor driving performance, 11 self-reported driving difficulty, 12 self-restriction, 5 and prior crash involvement. 13, 14 Poor contrast sensitivity is also a predictor of future crashes, but the association is not significant after adjustment for miles driven and other predictors of crash involvement. 7 Many older drivers complain of glare, especially while driving at night; however, disability glare tests have not been found to be associated with driving performance, crashes, or selfreported driving difficulty. Nevertheless, disability glare and glare recovery do predict self-restriction in driving behavior. 8 The role of binocularity and stereopsis in driving safety remains controversial. Stereo deficiency is associated with selfreported driving difficulty, 12 driving restriction, 8 and possibly crash involvement, 10, 15 but the latter may be attributable to a mismatch in acuity between the two eyes, rather than to poor stereopsis per se. 4 Several studies have been conducted to examine the link between visual field restriction and driving. Simple monocular screening tests are poor predictors of crash involvement in the general population, 16 but in a study of 10,000 California drivers, 17 accident rates were twice as great among those with abnormal fields in both eyes than among those with monocular abnormalities or normal visual fields. Simulated binocular (but not monocular) field restriction also impairs closed-course driving performance. 11 Visual field restriction is associated with self-reported crash involvement in patients with glaucoma 4 and retinitis pigmentosa 4, 18 and with self-reported driving restriction among older drivers in general. 8 However, it has generally been found that driving performance is more closely linked to the functional or "attentional" field for older drivers. Conventional visual field tests measure the area over which a target can be detected when presented in isolation. The functional field describes the area over which a target can be detected and localized while simultaneously attending to a target at fixation (divided attention), sometimes in the presence of distracters elsewhere in peripheral vision (selective attention). The functional field is most often referred to as the useful field of view (UFOV) after the pioneering work of Ball et al. 19 The UFOV is predictive of prior crash involvement, 13 future crashes, 7 and self-restriction in driving behavior. 8 The UFOV has shown the strongest association with crash involvement of any visionrelated tests. Older drivers with a 40% reduction in UFOV were six times more likely to have had a crash in the previous 5 years 13 and were 2.2 times more likely to have a crash in the subsequent 3 years. 7 Previous studies of vision and motor vehicle crashes have varied in sampling methodology (population-based versus casecontrol), how crashes were ascertained (self-report versus state records), and whether the studies were retrospective or prospective. The SEE study, a large, population-based prospective study provided the most appropriate methodology for our primary purpose: to determine the visual risk factors for motor vehicle crashes. Other investigators have found that self-report is poorly correlated with state records of motor vehicle crashes. 20 Therefore, we elected to use objectively ascertained crash data from state motor vehicle records.
METHODS

Subjects
This study was part of the Salisbury Eye Evaluation (SEE) Study (West S, et al. IOVS 1995; 36 :ARVO Abstract 1927), a longitudinal, populationbased study of eye disease and visual impairment and their impact on disability in older persons. Salisbury is a semirural area, with no buses and limited access to transportation other than by private car. The study sample consisted of 1801 current drivers with valid Maryland driver's licenses who were members of the original SEE study cohort (2520 participants). The SEE sample was drawn from the Health Care Financing Administration (HCFA) Medicare eligibility lists of individuals living in the Salisbury, Maryland, metropolitan area, aged 65 to 84 years. The sample included 100% of the identified African American residents and an age-stratified random sample of 58% of identified white residents. No other ethnic groups were represented. A detailed description of the sampling procedure has been published. 21 To be eligible for the study, the participant had to score higher than 17 on the Mini-Mental State Examination (MMSE 22 ) and be able to travel to the SEE clinic for examination. Informed consent was obtained (in accordance with the Declaration of Helsinki) using forms approved by the institutional human experimentation committee, and a 2-hour in-home interview was administered, followed by a 4-to 5-hour clinic examination. All testing related to our report was conducted between September 16, 1993, and September 26, 1995. The overall participation rate for the original SEE study was 65%. Approximately half of the eligible subjects who refused to participate in the study agreed to answer a brief subset of the home questionnaire. Those refusing were somewhat older, more likely to be female, less likely to have completed high school, and more likely to be living alone than those who participated. There were no significant differences between participants and refusals by race or self-assessed vision status. Details on differences between refusals and participants have been published elsewhere. 23 SEE study participants were invited to return for follow-up examinations at 2, 6, and 8 years after the baseline examination. Records of participants who did not return for follow-up were examined to determine whether they had died or been admitted to a nursing home before the end of the crash reporting period (December 31, 1997).
Baseline Variables
Demographic variables, including age at the time of the clinic examination, gender, race, years of education, and living arrangements were compiled from the home interview. Cognitive status was assessed with the MMSE, 22 and the number of comorbidities was elicited with a structured medical history questionnaire, both during the home interview. Comorbidities included arthritis, broken hip, cardiovascular disease, hypertension, diabetes, emphysema, asthma, Parkinson's disease, cancer, and stroke. Depression was assessed with the depression scale of the General Health Questionnaire 24 as part of the clinic examination.
Vision Tests
A detailed description of the vision tests has been published. 25 All vision tests were administered by trained technicians using strict forced-choice testing procedures.
Visual Acuity. Distance acuity was tested with the Lighthouse version of the Early Treatment Diabetic Retinopathy Study (ETDRS) charts within a light box (The Lighthouse, Inc., New York, NY). 26 Acuity was measured monocularly and binocularly, with habitual refractive correction at normal (130 cd/m 2 ) and low (5.2 cd/m 2 ) luminance. Visual acuity was scored as the total number of letters read correctly and was converted to logMAR (log 10 minimum angle resolvable) according to the method recommended by Bailey et al.
27
Contrast Sensitivity. Contrast sensitivity was measured with the Pelli-Robson letter-sensitivity test. 28 The test was administered monocularly at 1 m under controlled room illumination (ϳ100 cd/m 2 ). Contrast sensitivity was scored letter by letter 29 and for reporting purposes was converted to log contrast sensitivity (log 10 1/contrast of letters at the threshold of visibility) in the better-seeing eye.
Glare Sensitivity. Glare sensitivity was measured with the PelliRobson chart viewed monocularly through the Brightness Acuity Tester (BAT; Mentor, Norwell, MA). Contrast sensitivity was measured first without and then with the glare light turned on (medium setting, 350 cd/m 2 ), and glare sensitivity was defined as the number of letters correctly identified without glare minus the number of letters identified with glare. Glare sensitivity in the better-seeing eye was used for all analyses.
Stereoacuity. Stereoacuity was tested with the Randot Circles test (Stereo Optical, Chicago, IL). The test consists of a series of 10 panels that form a graded disparity series from a maximum of 457 to 17 arc sec when viewed at a distance of 36 cm. The panels were tested in order, beginning with the largest disparity and continuing until there was an incorrect response. The participant's score was the disparity (in seconds of arc visual angle) of the panel before the first incorrect response. Participants were classified as stereodeficient if they could not identify the disparate circle in any of the panels (stereoacuity worse than 457 arc sec).
Visual Fields. Visual fields were tested separately in each eye by using the 81-point, single-intensity screening test strategy on the Humphrey Field Analyzer (Carl Zeiss Meditec, Inc., Dublin, CA). This strategy tests points over a 60°(radius) field with a single target intensity of 24 dB. If the fixation losses, false negatives, or false positives exceeded 20%, the test was stopped, and the participant was reinstructed before undertaking a new test. Field tests were scored two ways. First, the number of points missed was simply counted. Second, visual fields for the two eyes were combined according the method described by Turano et al. 30 This method derives a binocular visual field as a composite of the more sensitive of the corresponding visual field locations for each eye. A similar method using threshold monocular fields has been validated by Nelson-Quigg et al. 31 The binocular field is composed of 96 points that were further subdivided into the central region (Յ20°radius; 56 points) and the upper and lower peripheral regions (18 and 22 points, respectively). 
Test of Attention
Visual attention was evaluated with an early prototype of the UFOV test 13 (Visual Awareness, Chicago, IL). This test measures a person's ability to recognize one object while determining the location of another. The test is divided into three parts, all administered on a video display connected to a laboratory computer. The first subtest measures processing speed. The participant must discriminate between a briefly presented cartoon drawing of a car or truck at the center of the display. The test uses a proprietary algorithm to determine the minimum exposure duration at which the drawing can be consistently recognized. The second subtest measures divided attention. The participant must discriminate the car or truck while locating a second car or truck presented away from the center of the display. Accuracy of localization responses is used to determine the area of the visual field over which attention can be divided. The third subtest is the same as the second, except that the peripheral target is presented among a field of distracters, simple triangles similar in size to the car and truck. Accuracy of localization in the presence of distracters is used to measure selective attention. Each of the three tests is scored on a 0-to 30-point scale, and the three scores are added together to give an overall index of the UFOV. The currently available UFOV test differs from the one used in this study, in that it does not directly measure the field of view restriction.
Because of time constraints, the UFOV test was administered to half of the participants, selected randomly at the time of enrollment. There were no statistically significant differences between those who took the UFOV test and those who did not, in age, race, gender, education level, or visual acuity (all P Ͼ 0.5).
Driving Assessment
The participants' demographic, health, and driving status were assessed during the home interview. The number of miles driven during the year before the interview was ascertained, and participants who reported driving fewer than 500 miles during the prior year (n ϭ 366) were excluded from the analyses, as most were not driving. A follow-up home interview was conducted 2 years later to determine changes in driving status. Crash data were obtained from the Maryland Automated Accident Reporting System (MAARS) for the years 1991 to 1997 for all participants who were licensed to drive in Maryland. The MAARS data were matched to those of the SEE participants by driver's license number. Although the MAARS records contain information about the driver, vehicle, and circumstances of the crash, the only data used for this study were the crash dates. No attempt was made to determine whether the SEE participant driver was at fault.
Data Analysis
Survival analyses were used to determine the relative risk of being involved in a crash as a function of demographic and health status variables, miles driven, vision, and visual attention at baseline. A crash qualified for inclusion in the analyses if it occurred after the baseline examination date. Cox proportional hazards models were used to analyze times from baseline examination to first crash. Data were censored if the participant stopped driving, died, or moved to a nursing home before the end of follow-up or reached the end of follow-up without being involved in a crash. Separate models were fit with and without adjustment for four aspects of driving behavior. The first was miles driven in the year before the baseline examination, which was treated as a categorical variable by quintiles (Յ2,000, 2,001-5,000, 5,001-8,000, 8,001-12,000, Ͼ12,000 miles). The second was a reduction to fewer than 3000 miles per year at follow-up among drivers who were driving 3000 or more miles per year at baseline. The third was the cessation of night driving during follow-up among those who were driving at night at baseline, and fourth was the cessation of driving in unfamiliar areas at follow-up. Our previous work has shown that older drivers with worse vision were more likely to reduce mileage and to avoid driving in high-risk situations. 32 For the final models, log-log plots, residual plots, and a global test were used to check the proportional hazards assumption. All analyses were performed with commercial software (SAS/JMP, ver. 5.1; SAS, Cary, NC).
RESULTS
Of the 2520 participants in the original SEE Study cohort, 1801 were eligible drivers for this analysis (Fig. 1) . The remaining 719 were not eligible, because they never drove (n ϭ 187), did not have a current Maryland driver's license (n ϭ 166), or did not drive at least 500 miles in the year before the baseline interview (n ϭ 366). The length of follow-up (time to first crash or the end of the surveillance period) ranged from 14 to 1567 days (median, 1087; interquartile range [IQR] ϭ 933-1323). Table 1 compares baseline characteristics of eligible drivers and nondrivers. Older participants were less likely to drive (P Ͻ 0.0001). Logistic regression analyses adjusted for age also indicated that participants who were female, were African American, had fewer years of education, had a lower MMSE score, or reported more symptoms of depression or comorbidities were less likely to drive (all P Ͻ 0.0001 except comorbidities P ϭ 0.013). Participants with worse vision according to any of our measures except glare were also less likely to drive (all P Ͻ 0.0001). In fact, the only characteristics that failed to differentiate drivers and nondrivers were whether they lived alone and disability glare.
The MAARS records returned 290 crashes between 1991 and 1997 for SEE study participants. Thirty participants were involved in two crashes and four were involved in three. There were 120 eligible crashes (i.e., first crashes that occurred after the baseline interview). Of those who did not crash, 75 stopped driving, 124 died, and 5 were admitted to a nursing home before the end of follow-up (December 31, 1997). Date of death was confirmed by coroner's records or newspaper obituary. When that information was not available (n ϭ 5), date of death was imputed by adding the sex-, age group-, and race-specific median elapsed time to death to the date entering the study. The nursing home admission date was not available, and so the date used was intermediate between the date of last follow-up and the next scheduled follow-up. Table 2 shows the hazard ratio (HR) for crash risk by baseline characteristic. Age at baseline was a significant predictor of crash risk (hazard ratio [HR] ϭ 1.20 per 5 years of age; 95% CI ϭ 1.00 -1.44, P Ͻ 0.05). After adjustment for age, the only significant characteristics were race, with the HR for African Americans twice that for white participants (HR ϭ 2.05; 95% CI ϭ 1.37-3.02, P ϭ 0.0007) and mental status, with a hazard ratio of 0.91 for a 1-point increase in MMSE score (95% CI ϭ 0.85-0.98, P ϭ 0.02). There was a trend for women to be less prone to crashes than men (HR ϭ 0.72; 95% CI ϭ 0.50 -1.03, P ϭ 0.08). Living alone, education level, number of comorbidities, and depression were not related to crash risk (P Ͼ 0.1), after adjustment for age. The hazard ratios were similar when adjusted for miles driven (shown in italics in Table 2 ).
Nearly 13% of the participants (n ϭ 227) failed the stereoacuity screening test at 457 arc sec. These participants were categorized as stereodeficient. Given the large number of failures and the coarse quantization of this test, stereoacuity was treated as a binary variable for the remaining analyses. Key analyses were confirmed with stereoacuity treated as a continuous variable. Figure 2 shows unadjusted crash rates for each quintile of the remaining vision variables and UFOV. It should be emphasized that these raw, unadjusted crash rates do not establish the crash risk associated with each of the variables (as they do not account for potential confounding factors) but are
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useful for assessing the nature of the possible relationship between the variable and crash risk (is it linear or nonlinear?), to guide further modeling. Several of the vision measures appear to be nonlinearly related to crash rate in Figure 2 , particularly glare sensitivity and visual fields, and possibly contrast sensitivity and UFOV. These nonlinearities suggest that crash rate declined with small amounts of vision loss and then increased with more substantial loss. Therefore, additional terms were included to allow the estimate of risk to vary above and below an inflection point for these variables. The inflection point was used to develop spline or piecewise linear regression models. 33 For contrast sensitivity, the inflection point was set at 1.7 log CS, for glare sensitivity at 3 letters and for visual fields at 20 points missed. Analyses were repeated with adjustments of the inflection points and the results were essentially the same. The addition of an inflection point for contrast sensitivity did not significantly improve the fit of the model, and so it was dropped from subsequent analyses. Table 3 presents the crash risk for each of the vision variables modeled individually and adjusted for demographics and health status variables (age, race, gender, MMSE, education, living alone, depression and comorbidity score). HRs are computed for a 15-letter loss of visual acuity (0.3 logMAR or a doubling of the visual angle), a six-letter worsening of contrast or glare sensitivity (0.3 logCS or a doubling of threshold contrast), and a loss of 15 points in visual fields. These values were derived from previous studies showing that these levels of vision loss are associated with a significant increase in selfreported disability or a measurable decline in performance. 34 Acuity at normal and low luminance, contrast sensitivity, and stereoacuity were not significant predictors of crash risk (P Ͼ 0.1). Glare sensitivity and binocular visual fields were associated with crash risk. For both measures, vision loss for those with moderate or better levels of vision (Ͻ3 letters for glare sensitivity and Ͻ20 points missed for binocular visual fields) was associated with a reduction in crash risk (HR ϭ 0.46 for a 6-letter worsening of glare sensitivity, P ϭ 0.02; HR ϭ 0.60 for a loss of 15 points in visual fields, P ϭ 0.07), whereas a vision loss for those with poorer levels of vision than these was associated with increased crash risk (HR ϭ 2.18 for glare sensitivity for a 6-letter worsening of glare sensitivity, P ϭ 0.04; HR ϭ 1.29 for a loss of 15 points of visual fields, P ϭ 0.03).
The visual field data were further analyzed to determine which part of the field was most critical for crash risk. The binocular visual field was divided into central (Յ20°), upper, and lower regions (see the Methods section). Plots of unadjusted crash rates versus visual field score were examined for nonlinearity. The data for the lower peripheral field scores showed a strong nonlinearity with an inflection point near 10 points missed. Therefore an additional term was added to the proportional hazards model to allow the estimate of risk to vary above and below the inflection point. Central and upper peripheral fields were not associated with crash risk (P Ͼ 0.5). However, there was a significant reduction in crash risk with lower peripheral field loss Ͻ10 points (HR ϭ 0.44; P ϭ 0.03) and a significant increase in risk with lower field loss Ն10 points (HR ϭ 1.96; P ϭ 0.01).
UFOV data were available for 857 of the eligible drivers. There was some evidence of a nonlinear relationship between crash rate and UFOV, with an inflection at 30-point overall UFOV loss (Fig. 2) . However, the addition of an inflection point for UFOV did not significantly improve the fit of the model, and so it was dropped from subsequent analyses. HRs were computed for a UFOV loss of 40 points, as this has been shown to be predictive of future crash involvement. 7 Results are given in Table 3 , adjusted for demographic and health status variables. UFOV score was associated with crash risk (HR ϭ 2.12, P ϭ The UFOV score is a composite of three separately measured components that are described as processing speed, divided attention, and selective attention (see the Methods section). When the three subtests were analyzed separately, the strongest association was with divided attention (divided attention: HR ϭ 1.47, P ϭ 0.001; processing speed: HR ϭ 1.27, P ϭ 0.04; selective attention: HR ϭ 1.45, P ϭ 0.22). Hazard ratios were computed for a 10-point loss, from a maximum of 30 points possible. Note, however, that there was a significant floor effect for processing speed, with 662 (77%) participants scoring 0 (no loss), and a significant ceiling effect for selective attention, with 493 (58%) participants scoring 30 (maximum loss). The analyses were repeated with an adjustment for miles driven. The results, shown in the right columns of Table 3 , are quite similar to those without the mileage adjustment.
For glare sensitivity and visual fields we observed that a small vision loss was associated with a reduced risk of crashes, whereas a greater vision loss was associated with increased risk. To explore this surprising result further, we investigated the relationship between vision loss and changes in driving behavior that may be related to reduced risk of crash involvement. Participants were categorized as having driven fewer miles or given up driving at night or in unfamiliar places based on responses to the driving habits portion of the home interview at baseline and follow-up. Sixteen percent of participants decreased their mileage from 3000 or more miles at baseline to fewer than 3000 miles at follow-up. Thirteen percent stopped driving at night, and 33% stopped driving in unfamiliar areas. (These percentages differ slightly from those reported previously in Freeman et al. 32 because the present study included only drivers with current Maryland driver's licenses.) However, adding these modification factors to the proportional hazards models did not change the results (data not shown).
DISCUSSION
From the original cohort of 2520 SEE participants, we identified 1801 current drivers, of whom 120 were involved in a crash during the time between the baseline examination and the end of surveillance (December, 1997). As expected, drivers were significantly younger, healthier, and had better vision than did nondrivers (Table 1) . However, it is interesting to note that 208 current drivers (11.5%) had presenting monocular visual acuities worse than 20/40 in at least one eye and should not have qualified for an unrestricted driver's license in Maryland.
Distance acuity at normal and low luminance, contrast sensitivity, and stereoacuity were not predictive of crash involvement in our cohort. Glare sensitivity, visual fields, and UFOV were significant predictors. Several previous studies have found that distance acuity and contrast sensitivity are at least weakly associated with crash involvement (see the introduction). We did not find such an association. However, SEE study participants with poor acuity or contrast sensitivity were much less likely to drive. For example, SEE participants with a visual acuity worse than 20/40 (0.3 logMAR) or a contrast sensitivity worse than 1.35 log CS, were twice as likely not to drive as were participants with good vision (OR ϭ 2.17, 95% CI ϭ 1.85-2.56 for acuity; OR ϭ 2.08, 95% CI ϭ 1.75-2.49 for contrast sensitivity). Other analyses of the SEE study cohort have indicated that poor acuity and contrast sensitivity were associated with driving cessation during the eight years after the baseline examination. 35 These findings suggest that either state licensing laws or self-regulation on the part of older drivers is effective in reducing the risk of crash involvement due to some forms of visual impairment.
The role of glare in visual disability remains controversial. We have previously reported that glare sensitivity is associated with self-reported difficulty with daily activities, including driving, 12, 34 and now with crash involvement (for Ն3 letters lost in glare). However, results of tests of glare sensitivity were not found to be related to daily activities 36 or crash involvement 14 in patients with cataracts, for whom glare is a frequently reported symptom. Glare sensitivity has been linked to driving self-restriction, 8 although glare sensitivity was the only vision measure that did not differentiate drivers from nondrivers in the present study. Surprisingly, we found that increased glare sensitivity for those with good vision significantly reduces the risk of crash involvement. This paradoxical relationship could be due to greater modification of driving behavior in that group. However, adjusting the proportional hazards model for these modifications did not change the paradoxical relationship.
Visual fields are known to play an important role in mobility, and we have shown that field loss is associated with a decline in mobility performance 30 and driving cessation 35 in the SEE cohort. In those studies, in which we used the same measure of binocular visual fields, field loss in the central and lower peripheral regions was associated with mobility performance and driving cessation, whereas field loss in the upper peripheral region was not. In the present study, the field losses in the lower peripheral region were the most important for predicting future crash involvement. Furthermore, crash involvement is only predicted by binocular field loss, not monocular loss (data not shown). This is consistent with the work of Johnson and Keltner, 17 Wood and Troutbeck, 11 and Wood.
37 Binocular fields have also been shown to relate more closely than monocular fields to self-reported difficulty with daily tasks. 38 However, as for glare sensitivity, we found that the relationship between visual field loss and crashes was complex). In those with reasonably good visual fields (Ͻ20 points missed), vision loss was, paradoxically, associated with a reduction in crash risk, whereas in those with poorer visual fields, vision loss was associated with increased crash risk. As previously reported, 32 those with central and lower peripheral field loss were more likely to reduce the number of miles driven and to stop night driving. Self-regulation also appears to play a role in reducing crash risk among patients with glaucoma, 39 juvenile macular dystrophies, 40 and age-related macular degeneration 41 who have a lower crash rate than agematched control subjects, despite worse vision. However, when the proportional hazards models were adjusted for these modifications, the paradoxical relationship remained. As has been reported by others, we found that UFOV is a strong predictor of crash involvement. Participants with a 40-point loss in UFOV were 2.12 times more likely to crash than those with no loss of UFOV. Approximately 41% of the participants in this cohort had a UFOV loss Ն40 points. These results are similar to those reported by Owsley et al. 7 in a prospective cohort study of older drivers. Of the three component tests in the UFOV battery, the divided-attention test (localization of a peripheral target while detecting a central target) was the best predictor of crash involvement. This test is intermediate in difficulty between the easier processing-speed test (detection of central target only) and the more difficult selective-attention test (localization of peripheral target with distracters). We expect that the divided attention task was best, because the processing-speed task was subject to a substantial floor effect whereas the selective-attention task was subject to a ceiling effect. The ceiling effect problem was also reported by Wood and Troutbeck 11 in their study of simulated visual impairment in elderly drivers.
The association of visual impairment with crashes was not altered by whether or not the model was adjusted for number of miles driven. In fact, mileage was not a significant predictor of crash involvement in our cohort, whether it was treated as a continuous or categorical variable (data not shown), perhaps because we used miles driven during the year before the baseline examination, rather than miles driven during the surveillance period (which was not available to us).
Our study was limited by the relatively low number of crashes that were identified during the surveillance period. We did not determine whether the driver involved in a crash was at fault. It has generally been found that visual function is a better predictor of at-fault crashes. 3 The data on driving modification were based on interviews conducted at baseline and 2 years later and only included a gross estimate of miles driven and qualitative data about night driving and driving in unfamiliar areas. Also any changes that occurred during the intervening period but before a crash would not have been recorded. Finally, Salisbury, Maryland, is a semirural area. Although it has a freeway and a small urban center, our findings may not generalize to larger cities with more dense populations.
In summary, binocular visual fields, glare sensitivity, and UFOV were significant predictors of crash involvement in our cohort of older drivers. The association with UFOV score was quite robust, whereas the association with visual fields and glare depended on the level of vision loss. Participants with very mild visual field loss or glare sensitivity showed a reduced risk of crash involvement; those with more severe deficits showed an increased risk. The reduction in crash risk with mild visual field or glare sensitivity loss is not explained by the self-reported changes in driving behavior in this population. Participants with poor acuity, poor contrast sensitivity, and visual field loss have been reported to be more likely to change their driving behavior in demanding situations, but at least for glare and visual fields, we could not confirm that such changes altered risk of crashes. Our assessment of the role of driving modification is limited to self-reported changes in driving behavior, rather than objective assessments. Nevertheless, the data suggest that current vision screening for driver's licensure, which is based primarily on visual acuity, may miss important aspects of visual impairment about which the driver is not sufficiently aware. 
